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NOISE-REDUCING ARRANGEMENT 
AND METHOD FOR SIGNAL PROCESSING 

Related Patent Documents 

This application claims the benefit of U.S. Provisional Application Serial No. 
60/102,865, filed on October 2, 1998 (STFD.005P1), and entitled 'TSfoise-Reducing 
Arrangement And Method For Signal Processing." 

Fieltf of the I^vention 

The present invention relates generally to signal communication. More 
particularly, the present invention relates to signal communication involving digital 
signal processing circuitry operating at speeds that generate noise sufficient to adversely 
affect nearby analog circuitry that is processing the same data. 

Background pf the Jnveptiop 

Many signal processing systems are designed to detect, receive and process data 
20 sent in the form of low-energy incoming analog signals. Front-end analog circuitry is 
typically used to detect the presence of the signal and to convert the signals to useable 
digital data. These signal processing systems then use digital signal processing circuitry 
to decode, interpret and/or fiirther process the data for subsequent applications. 

As with many other electronic systems, there have been ongoing efforts to reduce 
25 the cost and size of such signal processing systems. These efforts have included, for 
example, implementing such systems using circuits integrated into as few chips as 
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possible and consuming as little power as possible. For convenience and general 
operational requirements, these systems have also carried the burden of operating at 
extremely high speeds. For this reason, high-speed digital signal processors have been 
specially designed and included as a significant part of the digital processing circuitry to 
5 accommodate these demands. 

Such communication systems including these high-speed digital signal processors 
have encountered a serious noise problem when attempting to implement the analog 
circuitry nearby the digital signal processing circuitry. The noise generated by digital 
signal processing circuitry has denigrated the performance of sensitive circuits in the 
10 analog circuitry. Traditionally, this problem has been primarily addressed by 

implementing the digital signal processing circuitry and the analog circuitry on separate 
chips, so that the noise generated by the digital signal processing circuitry is isolated from 
the analog circuitry. 

This problem is being currently encountered by receiver circuitry for the Global 
15 Position System (GPS). GPS provides a data stream that is expected to be used in a wide 
variety of portable, mobile electronic devices. To accommodate demands to shrink 
feature sizes, reduce power-consumption, and package using lightweight components, it 
is desirable to integrate a GPS receiver onto a single die. Unfortunately, a major design 
issue in mixed-signal systems of this type is the adverse effect of digital switching noise 
20 coupled through the substrate to sensitive analog circuits. 

Accordingly, a need exists for communication arrangements and methods that 
address the demands of the marketplace and overcome the above-mentioned problems. 
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Summary of the Invention 

Various implementations of the present invention reduce the effective noise by 
causing the analog and digital portions of the system to function during separate time 
intervals. According to certain embodiments, the noise-generating portions of the system 
5 are tumed off while the analog block operates. The data acquired during this period is 
stored for subsequent processing by the digital portion. This technique is applicable to 
systems in which part of the incoming signal may be disregarded without significant 
degradation in performance of the rest of the system. It is also advantageous in situations 
where other design considerations, such as cost or power consumption, enhance the noise 
10 problem. 

One particular example embodiment of the present invention is directed to a 
communication arrangement having analog circuitry and digital signal processing 
circuitry, where the analog circuitry is susceptible to processing corrupted data due to 
noise coupled thereto via digital signal processing circuitry. The embodiment is a 

15 method for reducing noise passed from the digital signal processing circuitry, comprising 
the steps of: using the analog circuitry to process data during a first data-commmiication 
interval while the digital signal processing circuitry is in a reduced activity mode; and 
effectively disabling the processing of data by the analog circuitry during a second 
shorter data-communication interval while processing the data with the digital signal 

20 processing circuitry. 

In a more specific embodiment, the method is used in connection with receiving 
incoming data, and in yet another specific embodiment, the method is used in connection 
with transmitting data. 



In a more specific application of the present invention involving analog data 
transmitted in fi-ames with a guard time between fi'ames, the method further includes 
using the analog circuitry to receive and process data during valid-data fi-ame periods and 
processing the data with the digital signal processing circuitry during the guard periods. 
In this manner, little or no data is lost when effectively disabling the processing of data 
by the analog circuitry. 

Another particular embodiment of the invention is in the form of a 
communication arrangement that is susceptible to processing corrupted data due to high- 
speed data processing. The arrangement comprises: a chip including both digital signal 
processing circuitry and analog circuitry, the digital signal processing circuitry having a 
reduced activity mode and a high-speed data processing mode, and the analog circuitry 
configured and arranged to process data during a first data-commimication interval while 
the digital signal processing circuitry is in the reduced activity mode. The processing of 
data by the analog circuitry is effectively disabled during a second shorter data- 
communication interval while processing the data with the digital signal processing 
circuitry. 

Yet another embodiment of the present invention is directed to a communication 
arrangement having analog circuitry and digital signal processing circuitry, where the 
analog circuitry coupled to receive streams of data presented thereto in the form of high- 
frequency signals for subsequent processing by the digital signal processing circuitry. 
Noise passed fi^om the digital signal processing circuitry to the data is reduced using a 
method as follows: using the analog circuitry to process and to store the data during a 
first data-communication interval while the digital signal processing circuitry is in a 
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reduced activity mode; and disregarding additional data in the streams of data presented 
to the analog circuitry during a second shorter data-communication interval while 
processing the stored data with the digital signal processing circuitry. 

Other aspects of the present invention are directed to implementations involving: 
5 distinct frames for the analog and digital blocks; use of a memory as a coupler between 
two non-simultaneously active blocks; use of two access rates for the memory to permit 
the digital rate to be adjusted per the need of the analog section or per the need of 
optimizing the time during which the digital section is operated in each timing cycle; and 
time slot coordination to permit flexibiUty of time-slot assignment and dynamic 
10 adjustment of that assignment. 

Other particular embodiments of the present invention are directed to methods, 
apparatuses and specific aspects relating to the above-characterizations. 



Brief Description of the Drawing s 

1 5 Various aspects and advantages of the present invention will become apparent 

upon reading the following detailed description of various embodiments and upon 
reference to the drawings in which: 

FIG. 1 is a general block diagram of a receiver, implemented according to an 
example embodiment of the present invention; 
20 FIG. 2 is a general block diagram of a transmitter, implemented according to an 

example embodiment of the present invention; 

FIG. 3 is another block diagram of a receiver architecture, implemented according 
to an example embodiment of the present invention; 
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FIG. 4 is another block diagram of a transmitter architecture, implemented 
according to an example embodiment of the present invention; 

FIG. 5 is a block diagram of a receiver, implemented according to another 
example embodiment of the present invention, for use with a GPS system; 
5 FIG. 6 is a block diagram of an example execution imit that can be implemented 

in connection with the receiver shown in FIG. 5, according to another example 
embodiment of the present invention; and 

FIGs. 7a, 7b, 7c and 7d are timing diagrams illustrating example signal 
partitioning scheme, as may be used in connection with various implementations of the 
1 0 present invention. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit the 
invention to the particular embodiment described. On the contrary, the invention is to 
1 5 cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention as defined by the appended claims. 



Detailed Description 

The present invention is believed to be applicable to a variety of systems and 
20 arrangements that process data using both analog and digital processing circuitry. The 
present invention has been found to be particularly advantageous for systems in which 
part of the incoming data signal may be disregarded without significant degradation in 
system performance and/or where cost or power consumption is of concem, or in which 
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the timing control of the analog and digital sections of a circuit can be implemented 
without loss of analog data. An appreciation of the invention may be ascertained through 
a discussion in the context of such system applications. 

In a typical application of the present invention, a communication arrangement 
5 includes both analog circuitry and digital signal processing circuitry for communicating 
data. The analog circuitry couples to the digital circuitry using conventional analog- 
digital or analog-digital conversion circuitry. In certain implementations of the present 
invention, the analog circuitry includes IF (intermediate frequency) and/or higher- 
frequency signaling circuitry that is arranged to couple data between an antenna and the 

10 digital circuitry. In other implementations of the present invention, the analog circuitry 
includes low-power signal-sensitive circuitry that is arranged to couple data between a 
peripheral device, such as a disc drive, and the digital circuitry. Each of these example 
implementations involves digital signal processing circuitry operating at clock speeds that 
are sufficiently high, relative to the sensitivity of the analog circuitry. Such digital signal 

1 5 processing circuitry can take on a number of forms, for example, using programmable 
logic, semi-programmable logic, digital signal processors, and/or combinations of the 
circuit types. Regardless of its implementation form, the noise generated by the digital 
signal processing circuitry can corrupt the data being processed by the analog circuitry. 
To significantly reduce, and in many implementations eliminate, this data 

20 corruption susceptibility, the present invention uses a storage medium between the analog 
circuitry and the digital signal processing circuitry along with a timing controller to 
effectively disable the analog circuitry while the digital signal processing circuitry 
processes the data in connection with the storage medium. For example, while the digital 
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signal processing circuitry processes the data and is permitted to generate potentially 
data-corrupting noise, the timing controller can block the ability of the analog circuitry to 
access (read or write) the storage medium. Altematively, while the digital signal 
processing circuitry processes the data and is permitted to generate potentially data- 
5 corrupting noise, the timing controller can block the ability of the storage medium to 
bring in additional valid data; for example, by disabling a *'write" enable port to the 
memory, by marking the "good" data point within the memory, and/or by freezing a 
memory location pointer to the "good" data (as in a first-in-first-out (FIFO) or dual- 
access memory implementation). Additionally, during this period digital processing 

10 period, the timing controller can implement a power-saving (low-power or no-power) 
mode for the analog circuitry. 

While the analog circuitry processes data, various implementations can be used to 
control noise-generating aspects of the digital signal processing circuitry. For instance, 
during this period, the timing controller can implement a power-saving mode for the 

15 digital circuitry by removing power to the digital circuitry altogether or by removing 

power to selected circuits that drive the digital circuitry such as selected high-speed clock 
circuits. When such high-speed clock circuits are disabled, a synchronized slow-speed 
(non-interfering) clock can be simultaneously activated in its place. Other alternative 
timing control implementations can depend on the design requirements. For example, 

20 viewing the storage medimn as a bridge interface, the timing controller can be 

implemented in a manner similar to control implementations controlling either side of a 
PCI bridge, as is well known in the art. 
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Such implementations of the present invention are particularly advantageous for 
implementing both the analog circuitry and the digital signal processing circuitry on a 
single substrate (or chip), where the substrate acts as the conduit for data-corrupting 
noise. The present invention is also useful for non-monolithic implementations where 
5 noise can also be a concern. These non-monolithic implementations include, for 
example, multi-chip modules where the analog and digital functions are separated on 
different chips and/or printed circuitry, with the coupling storage mediimi being 
implemented separate from or part of either the analog or digital block (chip or printed 
circuit board). 

10 For many implementations consistent with the present invention, the digital 

circuitry is operated at a speed that is high relative to the operating speed of the analog 
circuitry. Thus, the data throughput for the digital circuitry exceeds the data throughput 
for the analog circuitry. This permits the overall on-time, and therefore the power 
consumption, of the digital circuitry to be minimized relative to the analog block, the 

1 5 latter of which can be more complex in terms of power and signal synchronization 

control. The differences in data throughput, between the analog circuitry and the digital 
circuitry, vary depending on the application. In a less data-intensive application, for 
instance, the analog circuitry is on during time periods constituting at least fifty percent 
of the time, whereas the digital circuitry is on during other time periods constituting no 

20 more than fifty percent of the time. In yet another example application in which the need 
to process data regularly is relatively intense, the analog circuitry is on for about ninety 
percent of the time, whereas the digital circuitry is on for about ten percent of the time. 
In each of these example data-receive applications, data is written to the memory by the 



analog circuitry at a relatively slow rate and read from the memory by the digital circuitry 
at a relatively fast rate; such a memory can be referred to as a slow-in-fast-out (SIFO) 
memory. In data-transmit applications, data is read from the memory for transmission by 
the analog circuitry at a relatively slow rate and written to the memory by the digital 
5 circuitry at a relatively fast rate; such a memory can be referred to as a fast-in-slow-out 
(FISO) memory. 

As shown in the example receiver embodiment of FIG. 1, this can be 
accomplished using a time controller 1 10 between the analog circuitry and the digital 
processing circuitry. In this implementation, the analog circuitry is implemented as an 

10 analog front end block 112 including an analog-to-digital converter 114, and the digital 
processing circuitry is implemented as a circuit including digital signal processor (DSP) 
or microprocessor 1 16. A memory 1 18 is used to receive data from the analog circuitry 
while the noise-generating circuits of the digital processing circuitry are effectively 
disabled. After the analog circuitry has collected and stored sufficient data in the 

15 memory 1 18, as commanded by the timer controller 110, the noise-generating circuits of 
the digital processing circuitry are enabled to permit the retrieval and digital processing 
of the stored data. 

FIG. 2 illustrates a similar implementation but for a transmitter. In this example 
implementation, a time controller 210 between the analog circuitry and the digital 
20 processing circuitry. The analog circuitry is implemented as an analog front end block 
212 including a digital-to-analog converter 214, and the digital processing circuitry is 
implemented as a circuit including a digital signal processor (DSP) or microprocessor 
216. A memory 218 is used to receive data from the analog circuitry while the noise- 

10 



generating circuits of the digital processing circuitry are disabled. After the digital 
circuitry has stored sufficient data in the memory 218, the timer controller 210 disables 
the noise-generating circuits of the digital processing circuitry and permits the analog 
circuitry 212 to retrieve and process the stored data. 
5 In a particular example implementation of the present invention, the time 

controller 110 or 210 is implemented as a programmable-digital timer chip that is frame- 
synchronized, such as through a phase-locked loop or delay-locked loop, to shut down the 
noise generation of the digital circuitry, or the digital circuitry altogether as the design 
may dictate. 

10 According to a more specific implementation of the present invention, one or both 

of the above-illustrated implementations are used in connection with radio 
communication. In this implementation, the analog circuitry shown in FIGs. 1 and 2 
includes the necessary circuitry for coupling the analog signal to an antenna. The digital 
circuitry in this implementation includes a digital baseband processor used for processing 

1 5 the signals for direct coupling to/from the antenna, or other transmission line. In other 
radio-directed implementations consistent with the present invention, the analog circuitry 
of FIGs. land 2 includes circuitry, such as IF mixing circuitry, for coupling the analog 
signal from/to higher frequencies before interfacing with the transmission line. As 
indicated previously, the digital circuitry can be implemented in forms other than using a 

20 DSP or microprocessor. 

In applications where the incoming or outgoing data does not need to be 
processing data on a full-time basis, certain example implementations of the present 
invention permit can be particularly advantageous. Consider, for example, reading data 
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from a disc drive, or writing data to a disc drive. In the reading application, the analog 
circuitry can be used to read and store into a large memory portions of disc drive data 
while the high-speed digital circuitry is on for only those small periods of time necessary 
to extract and process the stored data for later use. As the large memory begins to fill, the 
5 reading cycle from the disc drive is paused while the high-speed digital circuitry extracts 
and processes the stored data. Alternatively, as the large memory begins to fill, the 
location on the disc drive for data already read into the memory is recorded for 
subsequent reading by the analog circuitry so as to permit access and extraction of the 
data in memory by the high-speed digital circuitry. This is one of number of example 

10 data- transfer applications, where the proportions of on and off time for the analog and 
digital circuitry are not critical and the application can permit variances of the digital 
circuitry being on or off for more than fifty percent of the time with the analog circuitry 
being off or on for the remaining time. 

Further, in connection with such applications that are not data intense, the storage 

15 medium between the analog and digital circuitry can be implemented in analog form, in a 
manner that does not generate significant amounts of noise. This implementation, as well 
as other implementations using analog memory blocks for processing of high-data intense 
applications, requires an analog-to-digital converter on the digital side of the storage 
medium. For fiirther information concerning analog memory units, reference may be 

20 made to U.S. Patent No. 4,271,488, entitled "High-speed Acquisition System Employing 
an Analog Memory Matrix." Other memory units usefiil for implementations in 
connection with the present invention are discussed in connection with the following U.S. 
Patents, Nos. 5,200,983 and 5,144,525, respectively entitled "FISO Analog Signal 




Acquisition System Employing CCD Array Storage," and "Analog Acquisition System 

Including a High Speed Timing Generator." 

In the disc-drive writing application, analogous operations are implemented as 

discussed above in connection with the transmitter implementation of FIG. 2. 
5 The type of implementation is not limited to magnetic-recording media. Other 

media forms, including compact discs, can also be addressed by the present invention as 

described above and also by repeating (rather than pausing) the data play mode to permit 

the digital circuitry to withdraw the data stored in the memory. 

Also in accordance with the present invention and in applications where the 
10 analog circuitry need not receive and process data on a full-time basis, another important 

implementation is directed to an architecture for the digital signal synchronization and 

acquisition portion of a single-chip Global Positioning System (GPS) receiver system. 

The architecture implements a direct-sequence spread spectrum digital receiver, that 

accepts sampled intermediate frequency (IF) input data. The receiver can synchronize 
15 many (in one example, five) GPS satellite signals, and output raw data to a navigational 

processor. 

In large mixed-signal systems, significant digital switching noise couples to the 
substrate, seriously affecting sensitive analog circuits. This can result in self-jamming of 
the GPS receiver. Partitioning the analog acquisition and digital processing into separate 
20 blocks of time eliminates the effects of the digital noise. According to a specific 

implementation of the present invention, a memory circuit is used to store acquired data 
that is to be processed when the digital section is subsequently re-enabled (or 
reactivated). The memory, which can be a digital circuit or an analog circuit, is designed 
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to generate as little substrate noise as possible, minimizing the interference to the analog 
front end. For instance, one memory implementation uses a large block of small-scaled 
memory cells that do not require a noisy refresh circuit. Another more specific 
implementation of such a memory cell block is described and illustrated in connection 
5 with U.S. Patent Application No. 09/092,449, filed June 5, 1998 (STFD.03PA), and 
entitled "Semiconductor Current-Switching Device Having Operations Enhancer and 
Method Therefor," incorporated herein by reference in its entirety. 

The GPS data stream has a low (50 bits per second) data rate and continuous 
repetition that offers the possibility of trading signal for decreased digital noise. 

10 Partitioning the receiver system allows the processing speed of the digital portion to be 
increased, while the analog portion runs longer and acquires more data. This increase in 
performance will generally come at the expense of power consumption, if for no other 
reason, because signal processing needs to be completed in a shorter amount of time. As 
a particular implementation, FIG. 1 is directed to receiving and processing a GPS data 

15 stream, with the analog front end block 1 12 acquiring data from an antenna and storing 
the data in the SIFO memory 118 during alternating "on" periods of at least about ninety 
percent while the microprocessor 1 16 is off, and with the microprocessor 116 retrieving 
data from the SIFO memory 118 during alternating on periods equal to no more than 
about ten percent while the data receiving mode by the analog front end block 1 12 is 

20 effectively disabled. 

FIG. 3 illustrates a particular time-interleaved receiver architecture, according to 
the present invention, in which a timing controller 310 is arranged to control the timing of 
the data receiving mode by the analog front end block, the timing of the write and read 
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modes of a SIFO memory 318, and the timing of a digital baseband block 320. As 
illustrated, the analog front end block includes both an analog receiver front-end 312 and 
an analog-to-digital converter 314. The arrangement of FIG. 3 can be used for a number 
of applications, including each of those applications discussed above. 
5 FIG. 4 illustrates a particular time-interleaved transmitter architecture, according 

to the present invention, in which a timing controller 410 is arranged to control the timing 
of the data transmitting mode by the analog front end block, the timing of the write and 
read modes of a FISO memory 418, and the timing of a digital baseband block 420. As 
illustrated, the analog front end block includes both an analog transmitter front-end 412 

□ y 

jB 10 and a digital-to-analog converter 414. The arrangement of FIG. /can be used for a 
number of applications, including each of those applications discussed above. 

In yet another implementation of the present invention, the time-interleaved 
J" receiver and transmitter architectures are used together for duplex communication 

iJl applications. One such application includes the time-interleaved receiver architecture of 

= ^ 15 FIG. 3 being used to capture sensitive radio data, such as GPS data, and the time- 
^ interleaved transmitter architecture of FIG. / being used to report processed forms of 

such data to a user in response to selected events or user commands. The functionality of 
the illustrated shown in FIGs. 3 and 4 can operate in parallel with an additional controller 
circuit coordinating the receiving and transmitting (and/or reporting) operations, or, 
20 altematively, a number of the illustrated functional blocks can operate using one or more 
shared processors. For example, the timing controllers 310 and 410 and the digital 
baseband blocks 320 and 420 can be implemented using one or two shared digital signal 
processors, 
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FIG. 5 is another receiver block diagram for use with a GPS system, depicting yet 
another example embodiment of the present invention. More particularly, the 
arrangement of FIG. 5 illustrates an example synchronizer architecture 500 having 
multiple similarly-constructed chaimel blocks, e.g,, five channel blocks 508, 510, 512, 
5 514 and 516, and an execution unit 518, Each of these channel blocks searches 

concurrently for different satellites' codes on an IF signal channel 522. Each channel 
block processes the received data through in-phase and quadrature paths to generate 
correlation data. Using a digital phase-locked loop implementation, the execution unit 
518 receives output data fi-om the channel blocks and calculates and detects correlation 
10 peaks, Doppler frequency shifts, and phase offsets. The execution unit 518 also provides 
number-controlled oscillator ("NCO") values to each channel block to maintain 
synchronization and, via output port 528, determines and provides the raw GPS data as an 
output signal. 

To generate correlation data, each channel block includes mixers 530 and 540 to 
1 5 mix the received data to baseband in-phase and quadrature values. These values are 
resampled using digital interpolators 532 and 542 to remove any Doppler shift, and two 
matched filter type correlators 534 and 544 then convolve the signals with a local 
reference ("C/A") code. 

The matched filter architecture of FIG. 5 can be implemented in any of a number 
20 of ways. For fiirther information conceming details of such an architecture, reference 

may be made to a paper by W. Namgoong and T. Meng, entitled, "Power Consumption of 
Parallel Spread Spectrum Correlator Architectures," Int'l Symposium on Low Power 
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Electronics and Design, pp. 133-135, Aug. 1998. A copy of this paper is attached hereto 
and folly incorporated herein by reference. 

FIG. 6 shows that the execution unit 518 of FIG. 5 can be implemented, according 
to the present invention, as a generic processing unit (run by program code - not shown) 
5 having a multiplier 610, a multiplexer 611 (with a control input that responds to the 
current state of the program code), an adder 612, a shifter 614 and a memory 620. The 
data path can be clocked at a rate that is sufficiently fast to allow processing of more 
channels than are used, for example, up to twelve channels. 

As mentioned previously, the present invention is applicable to systems such as 

10 TDMA or disc-drive reading implementations where the time division between analog 
and digital circuitry can be accomplished without any loss of analog data, and also to 
implementations where the time division between analog and digital circuitry can be 
permitted with some loss of analog data. Where partial loss of analog data is acceptable, 
the degree of loss can be adjusted by selecting the fraction of one timing cycle for which 

1 5 the digital circuitry is operated. 

FIGs. 7a through 7d comprise four timing diagrams illustrating example signal 
partitioning schemes, as may be used in connection with various implementations of the 
present invention. As discussed above, these variations can be implemented, depending 
on the application at hand, with some loss of analog data or without any loss of analog 

20 data. In FIG. 7a, the signal communication is depicted with one cycle of data including a 
relatively high analog duty cycle along with a relatively low digital duty cycle. In 
FIG. 7b, the signal communication is depicted with one cycle of data including a 
relatively high digital duty cycle along with a relatively low analog duty cycle. 

17 



Many presently-defined communication schemes anticipate that the analog 
circuitry requires a period of time in which to settle and begin producing valid data. This 
is particularly true-in analog systems with narrow band filters and/or fi-equency 
synthesizers. For this reason, a guard period is used between the digital and analog time 
5 slots, as illustrated in FIGs. 7c and 7d, which otherwise respectively correspond to FIGs. 
7a and 7b in terms of similar duty cycle ratios. This approach is applicable to many 
TDMA systems, including those that also use TDD (time division duplexing), such as 
DECT, North American Digital Cellular (NADC), and Universal Mobile 
Telecommunications System (UMTS). In accordance with example implementations of 

10 the present invention, this guard period is used as the period during which the digital 

processing circuitry is activated and the processing of analog data is effectively disabled. 
In this manner, the time division between analog and digital circuitry can be 
accomplished without any loss of analog data. Ideally, the guard period should be of 
sufficient duration, relative to the processing speed of the digital circuitry, to permit the 

15 digital processing circuitry sufficient time to process the data completely before the guard 
period ends. For certain applications in which some loss of data is permitted, this guard 
period is used in the same manner, only with the digital processing circuitry continuing to 
process the data slightly after the guard period ends. 

The present invention is applicable to a variety of systems, examples of which are 

20 discussed below. According to a nxmiber of implementations directed to different types 
of systems, the timing controller is adapted to control the analog and digital circuit 
sections for processing of data during the guard periods and/or the assignment of time 
slots to the analog and digital circuits. This circuit permits a flexible assignment of time 
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slots and adaptiveness in that assignment, thereby enabUng a dynamic tradeoff between 
power consumption and the length of the digital time slot. In a TDMA system, because 
there are multiple time slots in each frame, a user can be assigned one time slot during 
which a communication occurs. The analog section can be operated during the specified 
5 time slot, and then the digital section can be run to communicate during the other time 
slots. Thus, in such a situation, the digital portion could be readily slowed down to 
reduce power consumption. If there are ^ge^ef users, for example, the digital portion has 
about seven times as long to process its data. 

In a GSM system, there are eight user time-slots per frame for each GSM channel. 
10 A GSM frame is 4.615 milliseconds duration and each time slot is 576.92 microseconds 
duration, which is sufficient for 156.25 bits. 

The DECT system uses TDMA and time division duplexing (TDD), so that a 
single user also receives and transmits during separate time slots. There are twenty-four 
time slots in a DECT frame, thereby allowing twelve duplex users. The frame length is 
15 10 miUiseconds, and a single time slot is 417 microseconds (or 480 bits). PACS 

supports either TDD or FDD, includes eight time slots per frame with the frame duration 
being 2.5 milliseconds and the time slot duration being 312.5 microseconds (120 bits). 

In a TDD system, a single user consumes an entire channel, but alternates 
between transmitting and receiving (often but not necessarily at the same frequency). 
20 Such altemating inhibits the transmitter from drowning out the receiver. 

In the NADC standard, which is also TDMA and FDD, the guard time is typical. 
In a 40 ms frame, there are six 6.67 ms time slots, and 1.85 ms of each time slot is used as 
a guard time between the transmit and receive slots for a given receiver. This allows a 
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digital section to run three times faster than the date rate to process data during the guard 
period. 

In a CDMA spread spectrum system, partial loss of analog data may in some 
cases be permissible and this loss of data in performance can be traded off against the 
5 power consumption of the digital circuitry and the size of the memory array. For 

example, such applications include spread spectrum systems with low data rates and high 
processing gains, such as GPS, because high processing gains make the system more 
forgiving of partial loss of the analog signal. 

In a frequency-hopping spread spectrum system, partial loss of analog data can be 
10 at least partially avoided by using the guard time occurring between frames on different 
frequencies. 

In an example embodiment of the transmit portion of a direct-sequence spread 
spectrum CDMA system, the transmitter sends data continuously (including when the 
digital section is running when there is no guard time available for the operation of the 
15 digital section). In this implementation, the general block diagram of FIG. 2 can be 
altered to include a multiplier between the memory 118 and the analog front end 212, 
with a second input to the multiplier being an output of a DS CDMA code generator 
block. 

The IS-95 standard is also directed to a DS CDMA system with continuous access 
20 to a single code channel. While the time-interleaving method of the present invention 
may not be applicable to all modes of the standard, the IS-95 standard does have lower 
data rate modes in which time slots are unused. One implementation of the present 
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invention is directed to using one or more of these unused time slots to run the digital 
section. 

For further information conceming the operation of such system standards, 
reference may be made to T. Rappaport, Wireless Communications: Principles and 
5 Practice, Prentice Hall PTR, Upper Saddle River, NJ 1996, and to B. Razavi, RF 
Microelectronics, Prentice Hall PTR, Upper Saddle River, NJ 1998. Each of these 
publications is incorporated by reference in their entirety. 

For other implementations, applications, features and details relating to the 
present invention, reference may be made to the paper entitled "Method of Reducing 

10 Electrical Noise in Mixed Signal Systems," dated September 9, 1998, attached hereto as 
an appendix and incorporated herein by reference in its entirety. 

The various embodiments described above are provided by way of illustration 
only and should not be construed to limit the invention. Those skilled in the art will 
readily recognize various modifications and changes which may be made to the present 

15 invention without strictly following the exemplary embodiments and applications 

illustrated and described herein. For example, the present invention can be used with a 
single-chip radio transmitter where the analog portion is a modulator and power 
amplifier, and the digital portion is a DSP unit that provides the transmit data. The 
present invention can be implemented in non-monolithic manner, for example using a 

20 multi-chip module and/or printed circuit board, where the analog and digital functions 
can be collected into distinct chips with the memory faciUtating communication between 
chips and/or the separate boards. Such variations do not depart from the true spirit and 
scope of the present invention which is set forth in the following claims. 

21 



